Restriction endonuclease digestion of total purified genomic deoxyribonucleic acid gives rise to deoxyribonucleic acid fragments of discrete sizes. These can be separated by one-dimensional agarose gel electrophoresis. A unique banding pattern (fingerprint) is obtained for each actinomycete wild-type strain tested. These fingerprints are useful for recognizing a given wild-type strain and its derivatives, but cannot be used for species characterization.
Properties of genetic material have long been used as systematic criteria. Initially, organisms were characterized by the guanine-plus-cytosine contents of their deoxyribonucleic acids (DNA) (12) (13) (14) . Other methods frequently used were DNA-DNA hybridization (5, 20) and ribosomal ribonucleic acid-DNA hybridization (6, 22) . The determination of guanine-plus-cytosine contents permitted only a very general grouping of strains, species, or genera having similar DNA base compositions within systematic groups, but hybridization experiments allowed differentiation of closely related organisms.
The specific fragmentation of DNA by restriction endonucleases and the separation of the fragments by agarose gel electrophoresis furnish additional tools for DNA characterization. The use of this procedure in systematics is based on the following facts: (i) due to semiconservative DNA replication (16) the base sequence in the DNA of any organism is constant; (ii) the DNA of any organism contains specific base sequences which can be cut by suitable restriction endonucleases (3, 17); (iii) except in specific cases, mutational events do not alter the restriction fragment distribution (10); and (iv) culture conditions or age of culture at the time of harvest do not influence the restriction fragment pattern (10). Restriction endonuclease analysis has been used for virus identification in several instances, but the application of this method to bacteriological problems has been rare (15).
In this paper we show that restriction fragment analysis of the total chromosomal DNAs of actinomycete strains by one-dimensional agarose gel electrophoresis generates a reproducible and unique fingerprint for each organism. This technique is useful for tracing mutant strains to a given parent, but does not permit species characterization.
Bacterial strains and growth media. The strains used in this work are listed in Table 1 . All Streptomyces and Micromonospora strains were grown on yeast extract-malt extract agar slants (19) at 30°C until good sporulation occurred (4 to 10 days) and then stored at 4°C.
Nocnrdin mediterranei strains were grown and stored as described previously (21). Mycelium for DNA isolation was obtained by using the appropriate liquid media, as described by Hintermann et al. (10) .
Extraction and purification of DNA. Highmolecular-weight DNA was prepared as described by Hintermann et al. (10) . The use of the rapid procedure enabled us to prepare pure DNA in 1 day. DNA was analyzed for the presence of plasmid DNA of discrete size by agarose gel electrophoresis (10) and the alkaline microscale method (2). Only DNA preparations without recognizable plasmid DNA were used for the experiments described below.
Restriction enzyme digestion of DNA and agarose gel electrophoresis. DNA digestions were carried out by using 10 U of endonuclease BumHI (Boehringer, Mannheim, Federal Republic of Germany) per pg of DNA under the conditions recommended by the supplier.
One-dimensional agarose gel electrophoresis of the DNA restriction fragments was performed as described previously (10). Photographs were taken under ultraviolet illumination (254 nm) through a Wratten type 24A filter, using Kodak Royal Pan film.
Analysis of strains of Streptomyces. The restriction fragment distribution of each wild-type strain of Streptomycvs was unique. Figure 1 shows the fingerprints of six wild-type strains of different species. Easily distinguishable banding patterns were observed. The banding patterns of the closely related strains "Streptomyces /ii+ duns" 130 ( Fig. l A , slot 3 ) and S f r e p t o m y e s coelicolor A3 (2) Genetic marker designations: str-2, resistance to 50 pg of streptomycin per ml; leu-2, leucine auxotrophy; ura-1, uracil auxotrophy; cys-3, cysteine auxotrophy; lys-1, lysine auxotrophy. "S. lividans" strain 130 does not correspond to strain 66, which is usually used for genetic work, but is an independent wild-type isolate. It was chosen because results with DNA preparations from strain 66 were poorly reproducible due to strong nucleolytic activity.
S. peuceticus strain 1762F.I? was sent to us by A. Grein as the original strain of this species and should be identical to strain ATCC 29050T.
Micromonospora strains B211F.I. and B604F.I. were both derived from intermediate strain M78F.I., which was itself directly derived from "S. peuceticus subsp. caesius" strain 106F.I. The parent strain of the Micromonospora strains (strain M78F.I.) was not available for analysis (A. Grein, personal communication) .
A. Grein, personal communication. N . mediterranei strain ME/83T originally came from Lepetit SPA, Milan, Italy, as the wild-type isolate of this species and should be identical to strain ME83/973T (= ATCC 136UT).
likely not due to the presence of plasmid DNA but were caused by differences in the chromosomal DNAs, as the DNA preparations used were previously checked for the absence of detectable plasmid DNA. However, interference of plasmid DNA cannot be completely excluded as an explanation for minor differences, as extrachromosomal DNA is not always readily recognizable in actinomycete DNA preparations. If analyses were performed with a strain set consisting of a plasmid-free parent and a derivative strain carrying a known plasmid, the fingerprints differed by distinct bands corresponding to plasmid DNA fragments; the intensities of these extra bands differed with the plasmid copy number (data not shown). It is possible that some differences in the banding pattern between closely related strains were caused by special modification systems, possibly comparable to the d a m system of Escherichia coli (9). Therefore, for more detailed analyses, it will be necessary to use different restriction enzymes that yield a suitable size distribution of the DNA fragments.
However, the banding patterns differed among wild-type strains of a given species, as demonstrated for Streptomyces glaucescens by Hintermann et al. (10) and corroborated for other species (data not shown). In the case of the S . glnucescens strains investigated, the evidence indicated that the strains may not be as closely related as suggested by the species as- (2); slot 5 , "S. scabies" strain A26; slot 6, S. noursei strain 48240; slot 7, S. parvullus strain 2283. (B) Agarose gels of BarnHI restriction fragments of N . rnediterranei strains. Slot 1, Wild-type strain ME/83=; slot 2, mutant strain T96; slot 3, mutant strain ATP118; slot 4, mutant strain W126; slot 5 , mutant strain N813. (C) Agarose gels of BamHI restriction fragments of anthracycline-producing S. peuceticus and Micromonospora strains. Slot 1, "S. peuceticus subsp. caesius" strain 106F.I.; slot 2, S. peuceticus strain 1762F.1.T; slot 3, " M . peucetica" strain B211F.I.; slot 4, Micromonospora species strain B604F.I. signment. Other strains did not produce the same antibiotics as strain GLA 0 and were not able to exchange genetic material in conjugational crosses with auxotrophic derivatives of strain GLA 0 (R. Crameri, Ph.D. thesis, Eidgenossische Technische Hochschule, Zurich, Switzerland, 1981) .
Thus, the restriction fragment banding pattern in agarose gels is a strain-specific character and is not the same for all strains of a given species. With strains of Leptospira, Marschall et al. (15) have found that strains belonging to the same serovar produce identical restriction fragment patterns and that strains belonging to different serovars yield significantly different patterns. Thus, analyses of strains of Leptospira and Streptomyces lead in principle to the same conclusion.
Analysis of N . mediterranei. The restriction fragment patterns of the wild-type strain and some mutational and recombinational derivatives of N . mediterranei are shown in Fig. 1B . The banding pattern of this organism was constant, even in mutant strains developed for high rifamycin productivity. This finding is in agreement with the results obtained previously with S. glaucescens strain GLA 0 (10). In addition, the banding pattern for N . mediterranei did not vary with growth conditions or time of harvest (data not shown). We found no minor deviations in any of the N . mediterranei mutant strains tested, as was the case with special mutant strains of S. glaucescens (10, 11).
Thus, it can be concluded that restriction fragment distribution in agarose gels does not change significantly in mutant strains and can be used to trace strain history.
Problem of anthracycline-producing Streptomyces peuceticus and its derivatives. Repeated mutagenic treatments of "Streptomyces peuceticus subsp. mesi~is" gave mutant strain B211F.1, which produced four new glycosides of daunorubicin-related anthracyclines and exhibited morphological characteristics of Micromonosportr (7). Strain B211F.I. and strain 604F.1, a similar strain also attributed to the genus Micromonospora, were compared with their grandparent strain, " S . peuceticus subsp. c'aesiiis" strain 106F.I., and the original S. peuceticus strain, strain 1762F.I.T (type strain). Strain M78F.I., the parent from which mutant strains B211F.I. and 604F.I. were derived, could not be analyzed. The restriction fragment patterns of the total genomic DNAs of the S. peiiceticus and Micromonospora strains showed clear and significant differences (Fig. 1C) . Thus, it seems very unlikely that the Micromonospora strains mentioned above are mutational derivatives of S . peuceticus. However, the restriction endonuclease fingerprints of the two Micromonospora strains were virtually identical, suggesting a very close relationship between the two strains. That the two anthracycline-producing strain sets, one belonging to the genus Streptomyces and the other to the genus Micromonospora, are not closely related has already been suggested by analyses of cell wall compositions and fatty acid patterns (A. Grein, personal communication) .
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